Acute scaphoid fractures are common wrist injuries that continue to elicit debate from surgeons regarding the most appropriate diagnostic and management algorithms. This review will examine the current literature and trends, in an attempt to provide the reader with an evidence-based discussion regarding current controversies of interest to clinicians. In addition, an attempt will be made to provide recommendations for the best treatment practices for acute scaphoid fractures.
Introduction
Over the years, identification and management of acute scaphoid fractures has generated substantial interest and research. However, controversies persist as publications related to this topic contain few high-level, prospective, randomized controlled trials. We assess the current information about the best diagnostic tools for diagnosing scaphoid fractures, the evidence for the best casting and operative techniques, and attempt to recommend the best practices for management of acute scaphoid fractures.
Diagnosis
Diagnosing a scaphoid fracture is the first step in ensuring appropriate management. Most often, the patient will report radial-sided wrist pain with a history of trauma such as a fall on an outstretched hand, an axial load to the wrist, or possibly a twisting injury (Bond et al., 2001) . Tenderness in the anatomical snuffbox, pain on palpation of the scaphoid tubercle, pain with axial compression of the thumb, and painful thumb range of motion are the most common clinical tests to assess for potential scaphoid fractures with reported sensitivities of 100%, 100%, 100%, and 66%, respectively; and reported specificities of 9%, 30%, 48%, and 69%, respectively (Freeland, 1989; Grover, 1996; Parvizi et al., 1998; Phillips et al., 2004) . If these clinical signs are combined within the first 24 hours of injury, specificity is increased to 74% with a sensitivity of 100%, but if only one clinical test is positive, the likelihood of a scaphoid fracture being present is very low (NPV of 96%) (Bergh et al., 2014; Parvizi et al., 1998) .
Alternatively, Duckworth et al. (2012) found the following four factors independently predicted a scaphoid fracture: sports injuries, males, anatomical snuffbox tenderness within 72 hours of injury and scaphoid tubercle tenderness at 2 weeks postinjury. If all four signs were present, there was a 91% positive predictive value that an acute scaphoid fracture was present. Despite the discrepancy about the predictive power of individual clinical signs between studies, all reports emphasize the need to combine physical examination tests to increase the probability of detecting an acute fracture.
Initial imaging of a potential scaphoid fracture may include a combination of four radiographs: standard posterior-anterior wrist radiograph, posterioranterior wrist radiograph with ulnar deviation, lateral wrist radiograph, and a 45 pronated wrist oblique view of the scaphoid. However, radiographs may fail to demonstrate a scaphoid fracture accurately in 16% to 22% of patients (Behzadi et al., 2015; Hunter et al., 1997; Nguyen et al., 2008. Consequently, it is not uncommon to be faced with a clinical situation of traumatic wrist pain yet normal initial radiographs. The traditional treatment approach for suspected scaphoid fractures was immobilization in a resting splint or short arm thumb spica cast with a repeat clinical and radiographic assessment in 7 to 10 days (Dorsay et al., 2001; Jenkins et al., 2008; Linscheid and Weber, 1998) . However, this approach often results in an unnecessary period of immobilization as previous studies have shown only up to 21% of patients will eventually be diagnosed with a scaphoid fracture in these situations (Brydie and Raby, 2003; Dorsay et al., 2001; Hunter et al., 1997; Jenkins et al., 2008) .
To avoid the morbidity associated with unnecessary immobilization, recent studies suggest that early advanced imaging such as computed tomography (CT) (sensitivity: 94%; specificity: 96%) or magnetic resonance imaging (MRI) (sensitivity: 98%; specificity: 99%) within the first week of injury increase cost-effectiveness and decrease the morbidity of unnecessary casting (Amadio, 2009; Bergh et al., 2015; Carpenter et al., 2014; Cheung et al., 2014; De Zwart et al., 2012; Hansen et al., 2009; Karl et al., 2015; Nguyen et al., 2008) . Advanced imaging such as CT is not only helpful to assess for the presence of a fracture, but if a fracture is present it may also be used to assess its stability and displacement. This can help guide recommendations for non-operative versus operative management, the technique at the time of operative intervention, and to monitor the progression of union.
Non-operative management
Casting is a time-honoured technique that has traditionally been reserved for distal pole fractures and nondisplaced waist fractures, with union reported to occur at a mean of 53 days and 65 days respectively (Grewal et al., 2013) . However, factors such as sclerosis, comminution, translation and location in the proximal pole are associated with longer times to union (Grewal et al., 2013) .
Classically, a thumb spica cast with the interphalangeal joint free has been used; however, evidence for this type of cast is sparse. Clay et al. (1991) prospectively randomized 392 patients to a standard short arm cast or a short arm thumb spica cast and demonstrated that union rates were independent of cast type. These findings were further reinforced in a multi-centre, randomized, controlled trial of 62 patients, using CT assessment of union (Buijze et al., 2014) . The authors concluded there was no evidence to support any particular casting method with respect to either rehabilitation recovery or physician and patient-rated outcome measures (Buijze et al., 2014; Clay et al., 1991; Doornberg et al., 2011) . Consequently, given the degree of hand dysfunction with a thumb spica cast, a well molded, standard short arm cast may be preferable (Karantana et al., 2006) .
If casting is selected for treatment management, computed tomographic imaging is recommended to determine union. The initial CT can be performed as early as 4-6 weeks after initiation of casting (Clementson et al., 2015a; Geoghegan et al., 2009; Grewal et al., 2016b) . If there is union, the cast may be changed to a splint and hand therapy started, but if union is not shown, continued immobilization is recommended with serial CT scans at 4-6 week intervals until union is achieved (Grewal and King, 2009) . Studies comparing removable splints versus casts for immobilization for non-operative intervention are currently lacking, but may provide a new avenue of important clinical research.
Operative management
Operative intervention is nearly universally recommended for proximal pole fractures, open fractures or those fractures with displacement (Tait et al., 2016) . Unstable scaphoid fractures are generally defined as those with 1 mm displacement, lateral intra-scaphoid angle 35
, scapholunate angle 60 , radiolunate angle 15 , bone loss or comminution, or perilunate fracture-dislocation (Tait et al., 2016) . However, with improvements in internal fixation techniques, recommendations for operative management have expanded in recent years to include nondisplaced scaphoid waist fractures (Bond et al., 2001; McQueen et al., 2008) . Multiple techniques have been described for open reduction and internal fixation (ORIF) of scaphoid fractures. The most common fixation method is by a single headless compression screw along the central longitudinal axis of the scaphoid (Bond et al., 2001; Clementson et al., 2015b; Dias et al., 2008) . Less commonly used but currently commercially available is a 1.5 mm volar variable-angle plate that may be of some use for highly comminuted fracture patterns (Beutel et al., 2016; Jurkowitsch et al., 2016) . In addition, Bain et al. (2015) showed dorsal plating on the tension side of the fracture to be mechanically more sound; however, no clinical outcome studies comparing plate and screw fixation have been published yet. Dunn et al. (2017) recently published the first systematic review of scaphoid staples and reported union rates for acute waist fractures (n = 77) to be 100% and return to work at 9.8 weeks. However, most studies on staples report their use in scaphoid nonunions, making generalizations for acute fractures difficult (Korkala and Antti-Poika, 1989; Korkala et al., 1992; Rocchi et al., 2005; Winkel and Schlageter, 2009 ). Lastly, there are few studies on outcomes for Kirschner wires as a fixation method for acute scaphoid fractures (Kirkham and Millar, 2012; Reigstad et al., 2013) .
With respect to surgical approach, multiple options have been described. The development of cannulated screw fixation in the 1990s re-kindled interest and improved outcomes of percutaneous scaphoid screw fixation (Haddad and Goddard, 1998; Slade and Jaskwhich, 2001 ). Benefits included preservation of the extrinsic carpal ligaments (Haddad and Goddard, 1998; Slade and Jaskwhich, 2001 ), avoidance of vascular stripping (Haddad and Goddard, 1998; Slade and Jaskwhich, 2001 ), facilitation of earlier return to work and sports (Bhandari and Hanson, 2004) , faster time to union (McQueen et al., 2008) and minimization of immobilization of the hand and wrist in a cast (Adolfsson et al., 2001; Haddad and Goddard, 1998; Saeden et al., 2001) .
However, the period of cast immobilization used after scaphoid screw insertion has been inconsistent, with some authors allowing immediate mobilization (Filan and Herbert, 1996; Herbert and Fisher, 1984) whereas others immobilize for 2 weeks (Saeden et al., 2001 ), 3 weeks (Adolfsson et al., 2001) or 4 weeks (Whipple, 1992) after surgery. No randomized controlled trials have been undertaken to assess whether union rates after operative intervention are affected by the length of immobilization after surgery.
The most common percutaneous methods are the volar and dorsal percutaneous approach. The volar percutaneous approach uses a 0.5 cm incision over the distal radial aspect of the scaphoid, with the wrist extended over a towel roll or suspended by finger traps (Haddad and Goddard, 1998; Shin and Hofmeister, 2004) . The guide-wire is inserted into the scaphotrapezial joint with advancement under fluoroscopy. The volar approach is generally recommended in fractures of the distal two-thirds (Gupta et al., 2013) . Proximal pole or oblique fractures are relative contraindications, as fracture displacement may occur with wrist extension. Potential complications include inability to attain fracture reduction (Cheung et al., 2014; Geurts et al., 2011; Symes and Stothard, 2011) . Furthermore, although flexion and grip strength were found to be significantly better with the volar percutaneous approach, these differences were short term (3 months) and were insignificant at the 1-year follow-up (Drac et al., 2014) .
The dorsal percutaneous approach uses a 0.5 cm incision slightly proximal to the proximal scaphoid with the wrist flexed and pronated for guide-wire insertion (Martus et al., 2005; Naranje et al., 2010) . Some surgeons may elect to extend the incision to 2 cm to allow for retraction of the extensor tendons during guide-wire insertion (Adamani et al., 2008; Drac et al., 2009) . This approach provides excellent access to the proximal pole of the scaphoid at the expense of distal pole exposure (Naranje et al., 2010) . Potential complications include loss of reduction during wrist positioning, proximal pole articular damage (Bushnell et al., 2007) , extensor tendon rupture and entrapment (Adamani et al., 2008) , guidewire breakage (Bushnell et al., 2007) and dorsal ligament laceration (Drac et al., 2014) .
Arthroscopic assisted techniques enable visual confirmation of percutaneous scaphoid reduction while guide-wire and screw placement is assessed fluoroscopically ). An advantage of this technique is the ability to assess for screw protrusion under direct visualization. The main disadvantage is the greater technical difficulty with additional equipment requirements .
Open reduction and internal fixation is generally required in cases of angulated or irreducible fractures (Szabo and Manske, 1988) . Again, both volar and dorsal approaches can be used. A theoretical advantage of the volar approach is its sparing of the dorsal blood supply and the abundant exposure of the proximal and distal poles (Brogan et al., 2015; Gelberman and Menon, 1980; Taleisnik and Kelly, 1966) . Its main disadvantage is the division of the critical radial extrinsic carpal ligaments and the requirement for immobilization. Currently, there is no evidence to suggest increased rates of avascular necrosis with the dorsal approach to the scaphoid.
Although longer screws can be placed via the volar approach and more central screws through the dorsal approach (Chan and McAdams, 2004; Leventhal et al., 2009; Meermans and Verstreken, 2012) , no statistical difference in percentage union or time to union based on the surgical approach has been found (Gurbuz et al., 2012; Kang et al., 2016; Polsky et al., 2002) . Consequently, surgeon preference and comfort in surgical approach is supported by the available reports.
Determination of healing
The radiographic identification of trabecular bone crossing both sides of the fracture line 12 weeks after injury has been shown to be unreliable and inaccurate (Dias et al., 1988) . Consequently, traditional recommendations based on radiographic union may overestimate the length of immobilization time needed (Leslie and Dickson, 1981; Stewart, 1954) . Assessment of bridging trabecular bone in more than 50% of cuts on computed tomography (CT) is a more reliable method to define union (Geoghegan et al., 2009; Singh et al., 2005) .
Outcomes

Distal pole fractures
Fractures of the distal scaphoid pole fractures are typically avulsion fractures of the tuberosity or impaction fractures of the distal articular surface (Clementson et al., 2017; Geissler et al., 2012) . Given the highly vascular location and predictably high union rates, it is recommended to treat distal pole fractures with a short arm cast until data on removable splint treatment becomes available. Typically, distal pole fractures will heal uneventfully within 6-8 weeks of casting (Grewal et al, 2013 ). Complications are rare with these fractures, and at 10 years' follow-up, patients were found to have normal wrist function and minimal risk of post-traumatic scaphotrapeziotrapezoid (STT) joint arthritis (Clementson et al., 2017) .
Waist fractures
Appropriate treatment of unstable, comminuted, displaced or angulated waist fractures is operative intervention via the techniques and approaches described previously (McQueen et al., 2008; ). However, management of nondisplaced waist fractures is controversial (Ram and Chung, 2009 ). Non-operative management of these fractures is supported by CT-based studies that show between 90-99.4% union rates within 4-10 weeks with short arm thumb spica casting (Buijze et al., 2014; Clementson et al., 2015a; Geoghegan et al., 2009; Grewal et al., 2016b) . Furthermore, a recent CTbased randomized control study compared operative and non-operatively managed scaphoid waist fractures and identified improved union rates in casted patients (90%) versus operatively-managed patients (82%), without a difference in time to union (Clementson et al., 2015b) .
In contrast, previously published radiographbased randomized control trials report faster union times and lower nonunion rates with operative intervention compared to cast treatment (Arora et al., 2007; Bond et al., 2001; Buijze et al., 2010; McQueen et al., 2008; Saeden et al., 2001) , leading several authors to favour operative intervention for all waist fractures, both displaced and nondisplaced (Alnaeem et al., 2016; Buijze et al., 2010; Garcia and Ruch, 2014) . In a randomized study of percutaneous fixation versus cast treatment of scaphoid fractures, the operative group demonstrated a 5-week decrease in time to union and 7-week earlier return to work than the non-operative group (Bond et al., 2001) .
In an effort to determine the best management for nondisplaced scaphoid waist fractures, cost-utility analyses have also been used. Four cost-utility analyses are currently available, and all report favourably on early ORIF versus casting (Arora et al., 2007; Davis et al., 2006; Papaloizos et al., 2004; Vinnars et al., 2007) . Return to work is reported to be a mean of 8 days and median of 39 days for the early ORIF group versus a mean of 55 days and median of 74 days in the cast immobilization group (Arora et al., 2007; Vinnars et al, 2007) . Time to fracture union was also statistically significantly shorter in the ORIF (43 days) versus cast immobilization group (74 days) (Arora et al., 2007) and although initial costs were higher in the ORIF group, total costs were higher in the cast immobilization group owing to the lost work productivity secondary to casting (Davis et al., 2006; Papaloizos et al., 2004) . Consequently, the benefits of earlier return to work have been argued to offset the higher cost of operative intervention in most cases, thus supporting early ORIF even in nondisplaced scaphoid waist fractures (Ram and Chung, 2009) .
Caution must be exercised in interpreting these studies as Davis et al. (2006) note that cost-utility analyses may over-estimate the economic loss from time off work as non-manual labourers may still work in a cast. In fact, Vinnars et al. (2007) found total costs were lower after casting for non-manual workers and hinted that the socioeconomic status of patients may have a greater impact on cost analyses than the actual intervention. Additionally, Arora et al. (2007) did not explicitly state whether there was randomization between the ORIF and cast immobilization groups, raising concerns of internal investigator bias.
Complications occur with both non-operative and operative intervention. The most common complications from non-operative treatment are wrist and digital stiffness, nonunion, decreased grip strength, delayed return to work and cast irritation (Cheung et al., 2014) . In addition, nearly 20% of casted patients report continued pain and tenderness despite restoration of grip strength and range of motion (Barton, 2004) .
In a large cohort of 171 operatively treated patients, complications included eccentric, protruding, or migrated screws, avascular necrosis, scar sensitivity/persistent pain, infection, and nonunion (Alnaeem et al., 2016) . Substantial variability is reported regarding operative complication rates, but they can be as much as 30% (Modi et al., 2009; Tait et al., 2016) .
In recent years, the incidence of articular cartilage damage has garnered interest as a complication. Both Dias et al. (2008) and Saeden et al. (2001) found no statistical difference between operative and nonoperative fixation on the rate of radioscaphoid osteoarthritis; however, controversy remains concerning the relative incidence of scaphotrapezial arthritis in operative and non-operative groups. Some authors report no significant difference (Dias et al., 2008; Geurts et al., 2011; Kehoe et al., 2003; Nicholl and Buckland-Wright, 2000) yet others report differences as much as 61% in operative fixation versus 25% in casted patients (Saeden et al., 2001) . Conceptually, scaphotrapezial arthritis is a substantial concern, as injury to this joint may occur during open or percutaneous screw fixation with some authors reporting screw removal being required owing to pain at the scaphotrapezial joint (Meermans and Verstreken, 2008) . However, most studies so far have shown radiographic but not symptomatic differences, and the long-term clinical relevance of these findings cannot yet be assessed (Geurts et al., 2011) .
Proximal pole fractures
The scaphoid has a well-described retrograde blood supply, and proximal pole fractures are associated with the poorest union rates and the longest time to union (Eastley et al., 2013) . It is well established that displaced proximal pole fractures should be treated surgically, as nonunion rates for displaced fractures are reported to be as high as 50% (Düppe et al., 1994) and even with nondisplaced fractures, nonunion rates are as high as 10% (Grewal et al., 2013; Gholson et al., 2011; Margo and Seely, 1963; Steinmann and Adams, 2006) .
Cast immobilization as the principal treatment intervention has a variably reported time to union, but is typically between 3-6 months (Eddeland et al., 1975; Krimmer, 2002; Raskin et al., 2001; Steinmann and Adams, 2006) . The union rate for cast immobilization of proximal pole fractures was reported to be 77% based on a recent meta-analysis (n = 155) at a mean of 16 weeks while comparatively, the same meta-analysis found a 95% union rate (n = 130) at a mean of 9 weeks for operatively treated proximal pole fractures (Saltzmann et al., 2017) . However, surgical approach, technique and types of fixation were variable (Brogan et al., 2015; De Vos and Vandenberghe, 2003; Filan and Herbert, 1996; Grewal et al., 2016a; Rettig and Raskin, 1999; Slade and Gillon, 2008) .
Apart from nonunions, operative complications of acute proximal pole fractures are rare but include such issues such as superficial wound infections (De Vos and Vandenberghe, 2003) or re-fracture of the proximal pole at the screw head (Rancy et al., 2016; Riester et al., 1985; Vinnars et al., 2008) .
Recommendations
Many authors have investigated treatment options and outcomes for scaphoid fractures, but there are substantial weaknesses in the evidence. First, the heterogeneity of management algorithms creates multiple confounding factors when comparing studies and, although current studies are being conducted in a prospective and randomized fashion, most earlier studies are retrospective case series without randomization or control groups. Furthermore, the lack of standardization in imaging amongst authors and the prevalence of radiographs for fracture assessment may be erroneously affecting assessments of time to union and union rates for the interventions used.
Heeding these weakness, recommendations for the best practices for acute scaphoid fracture management would include:
. A combination of physical examination tests (tenderness in the anatomical snuffbox, pain on palpation of the scaphoid tubercle, pain with axial compression of the thumb and painful thumb range of motion) should be used to increase the specificity to detect an occult scaphoid fracture (Bergh et al., 2014; Duckworth et al., 2012; Parvizi et al., 1998) . . Early advanced imaging such as a CT or MRI within the first week of injury should be considered for high-demand patients who present with radialsided wrist pain and negative radiographs and who wish to avoid unnecessary cast immobilization (Bergh et al., 2014; Kelson et al., 2016; Khalid et al., 2010; Tada et al., 2015) . . Inclusion of the thumb in a cast has not been shown to increase scaphoid union rates or accelerate time to union (Buijze et al., 2014; Clay et al., 1991; Doornberg et al., 2011) . . A single compression screw through the central axis of the scaphoid is the fixation method with the most evidence to support its routine use (Bond et al., 2001; Clementson et al., 2015b; Dias et al, 2008) although plates (Beutel et al., 2016; Jurkowitsch et al., 2016) and staples (Korkala and Antti-Poika, 1989; Korkala et al., 1992; Rocchi et al., 2005; Winkel and Schlageter, 2009) are alternative available options.
. There is no conclusive evidence to favour one surgical approach over another, so surgeons should select the approach they are most proficient with and that provides the best visualization and fixation of the fracture. A dorsal antegrade approach would be preferable for proximal pole fixation, but either dorsal or volar approaches would be suitable for waist fractures (Gupta et al., 2013; Gurbuz et al., 2012; Kang et al., 2016; Naranje et al., 2010; Polsky et al., 2002) . . The optimal length of immobilization after surgery is unknown, so the level of patient activity and the quality of fracture fixation should be taken into consideration to guide post-operative immobilization (Adolfsson et al., 2001; Filan and Herbert, 1996; Herbert and Fisher, 1984; Seaden et al., 2001; Whipple, 1992) . . Distal pole scaphoid fractures may be treated nonoperatively with predictably high union rates and no long term negative sequelae (Clementson et al., 2017) . . Displaced waist fractures should be treated operatively to reduce the fracture and avoid development into nonunion (Grewal et al., 2013) . . Consultation with the patient should be undertaken for nondisplaced waist fractures, as the evidence from earlier operative intervention is encouraging for faster union times, earlier return to work and increased cost-effectiveness (Arora et al., 2007; Bond et al., 2001; Buijze et al., 2010; McQueen et al., 2008; Saeden et al., 2001 ). However, cast immobilization is also a viable treatment option based on more recent CT-based studies, with comparable union rates and time to union whilst avoiding operative complications (Clementson et al., 2015b) . A CT to confirm stability before opting for casting and a CT to confirm union before cast discontinuation is recommended. . Proximal scaphoid fractures should be treated operatively to maximize union rates and shorten time to union (Saltzman et al., 2017) .
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